Viruses and Respiratory Infection in Childhood
The investigation of children with suspected respiratory virus infection revolves round the taking of effective specimens and having an effective laboratory to investigate them.
Nasopharyngeal secretions taken on the ward by suction, using a fine catheter passed intranasally and collected in a mucus trap, provide by far the best specimens for the investigation of respiratory viruses. The material taken is centrifuged and the supernatant is cultured; the supernatant is also studied for its nasal antibody content and the deposit of respiratory tract cells can be used for rapid virus diagnosis. These techniques have been fully described (Gardner & McQuillin 1974) .
In the UK acute respiratory virus infections still cause approximately 3000 deaths per year of children under the age of 1 year, and many believe that about one third of 'cot deaths' also have a virus etiology (Ferris et al. 1973) . It is therefore still important to investigate fully each of these deaths by examining secretions taken from the trachea and bronchi and lung material.
The investigation of respiratory material for viruses is now at a transitional stage where slower and time-honoured techniques are being replaced by newer and more rapid procedures.
The virologist's main diagnostic tool has until recently been growth of viruses on tissue culture and then identification of the-agent by neutralization tests. The knowledge gained in this way by relatively slow growth of viruses in tissue culture has in fact been invaluable for epidemiological studies, for the study of a relationship between a virus and an illness (Chanock et al. 1958 , Chanock et al. 1961 , Elderkin et al. 1965 ; but as an aid to the physician in his management of a case, it was a dismal failure.
The main method for the rapid diagnosis of respiratory viruses is the indirect fluorescent antibody technique (IFAT). Many recent advances in respiratory virology have depended upon this Virusinfected exfoliated cells in nasopharyngeal secretions, deposited as spots on slides, can be treated with a battery of different virus antisera which have been made in a rabbit. Only the antiserum which is specific for the virus will react and adhere to the cell. The slide is washed thoroughly and fluorescein-labelled anti-rabbit globulin added, which will only adhere to the cells in the spot where the appropriate virus antiserum has reacted. The spot will show brilliant apple green fluorescence for virus antigen in infected cells. This technique is applicable to skin, conjunctival scraping, biopsy and post-mortem material. It can also be used for identifying viruses in tissue culture (Gardner & McQuillin 1974) .
Rapid diagnostic techniques for respiratory virus infection offer the following advantages:
(1) The rarity of secondary bacterial infection in respiratory virus disease makes a virus diagnosis more important, so that unnecessary antibiotics are not given; it should be noted that there are exceptions, such as influenza A in the previously damaged lung of the chronic bronchitic.
(2) Rapid diagnosis is useful for the management of specific antiviral therapy, which is becoming more available (see below).
(3) It aids the control of cross-infection in hospital wards ), (4) The technique lends itself to diagnosing viruses which may not grow well, or at all, on tissue culture. (5) Similar techniques have been used for diagnosis of virus infections occurring at a distance from the hospital (Downham et al. 1974 ). (6) Diagnosis may be made even when a patient has been ill for some time with a virus infection, because antigen can be present after infectivity has been lost (Gardner et al. 1970) .
It is important to examine the criteria for using immunofluorescence in diagnosis. The first and obvious criterion is that the virus should occur sufficiently often for the technique to be useful. Table 1 analyses the viruses found in children over the age of 1 year admitted to hospital with respiratory virus infection; Table 2 shows an analysis over the same period in children aged less than 1 year. RS virus is clearly the most frequent, but parainfluenza viruses account for a moderate but consistent percentage each year. Influenza A and B, especially in times of epidemic, and the adenoviruses play their part. By allowing for age, clinical picture and time of the year, one can decide which antisera to use in examining cells of nasopharyngeal secretion. The child with bronchiolitis should be examined for the presence of RS virus; when influenza A is epidemic, a child with febrile convulsions should be examined for influenza A; a child between 1 and 5 years who has croup should be examined for the parainfluenza viruses. Some viruses which cause respiratory illness are not amenable to rapid diagnosis. Among those which occur in the upper respiratory tract are the rhinoviruses which are of too many varied types for immunofluorescence diagnosis.
Another criterion for the use of immunofluorescence is difficulty in cultivating some viruses in the laboratory or, even when they have been grown, difficulty in confirming their identity by An unusual benefit of rapid diagnosis here is that a positive fluorescent antibody result in the child without a rash means that the child will have a rash the following day and medical students can be called to see this condition at the height of the illness despite its decreasing occurrence in hospital. Measles is also difficult to diagnose in the coloured child and the method may prove invaluable in this respect. It must be remembered that measles is still a killing disease in the developing countries, whereas in England the mortality is extremely low. It is believed that giant cells of measles continue to be excreted in the severely ill child and fluorescence diagnosis may prove valuable in estimating the prognosis of the severely ill child (McQuillin et al. 1976 ). The two parainfluenza viruses 4a and 4b are believed to be common, judged by antibody level and child population (Gardner 1969 ), but they are not often found in hospitals; this may be because of the relative difficulty in isolating these viruses. In the last three years, 35 isolations have been made in my laboratory, many of them causing serious illness-and occasionally death. Fig 5 shows parainfluenza 4b in a lung smear of a child who died with pneumonia. There are difficulties in the fluorescent antibody technique due to nonspecific action of antisera on human tissues. Every antiserum produced must be fully tested against a variety of tissue cultures, human tissues and heterologous viruses, to ensure that such nonspecific actions are not present (Gardner & McQuillin 1974) .
The rmain problem is to'diagnose, within two to three hours, and using clinical material obtained immediately after the patients' admission to hospital, the most frequently occurring virus infections. The ultimate test of reliability for the fluorescent antibody technique is by comparison with isola- tion procedures. Table 3 shows this comparison for RS virus; of the last 618 isolations, only 7 were not diagnosed by the fluorescent antibody technique on admission. These cases were entirely due to poor preparation and insufficient material and cells in the secretions. However, in the last 1428 secretions from which RS virus was not isolated, there were 41 which showed positive fluorescence in cells. This needs some explanation: is it real or is it nonspecific fluorescence? Many of the 41 had a history of illness of more than five days, some as long as 14 days, and the fluorescence appearance of all was dull and hazy, Fig 9. These changes are due to coating of infected cells with locally produced antibody, which may be responsible for curtailing infectivity and producing the dull fluorescent appearance. It has also been shown that in known RS virus infections, infectivity decreases while antigen persists for longer (Gardner etal. 1970) .
A further criterion for immunofluorescence is diagnosis at a distance. Difficulties of receiving specimens for viral diagnosis are well known, even from hospitals in the same city. Virus laboratories are by necessity confined usually to the larger centres, but small towns also need a virological service. Perhaps the way to provide this is to take direct material from patients, prepare and fix slides locally and send them by post to a virus laboratory to be examined by immunofluorescence. Fig 10 shows a parainfluenza virus type 3 in the cells of the secretion of a child wi*li pneumonia, sent by air to this laboratory from Kampala in Uganda. Unfortunately our studies of the relationship between respiratory virus infections and malnutrition in Uganda had to be postponed. Cumbria, our neighbour, is an area where virus diagnosis at a distance might be practised. Table 4 shows the preliminary results of an ongoing study of the occurrence of viruses -25 691 in Cumbria using the fluorescent antibody techniqueagain at a distance, slides being sent to Newcastle by post. This study centred on the only two hospitals in Cumbria which admit children and showed for the first time that RS virus occurs in the semi-industrialized and rural areas, to a degree two to three times less than in admissions to hospital in the Tyneside conurbation. The other virus types isolated and the range of illness caused were similar to those in Newcastle.
Over the last two years we have admitted 120 children with influenza A, and 30 children who were already in hospital with other conditions acquired influenza A as a result of these admissions. All influenza cases were diagnosed within a few hours of admission (Fig 11) by showing influenza A virus in their secretions. The most frequent cause of admission of patients with influenza A was febrile convulsions (Brocklebank et al. 1972) . These children usually recover within hours and then continue to run around the ward excreting the virus, passing it to patients who can ill afford to acquire itchildren with congenital heart disease, mucoviscidosis and other abnormalities. Surely there is a need for quarantine cubicles to keep influenza A patients out of a general ward. The same proved true for RS On occasions, patients may present with a symptom, such as abdominal pain, where a differential diagnosis needs to be made quickly. In the first two months of 1975, some 50 children were admitted to hospital with abdominal pain. Cells in the secretions of these children stained positively for influenza B, giving an identical picture to that for influenza A (Fig I 1) . Before it was realized that influenza B caused abdominal pain at least one child was operated on for acute appendicitis and was subsequently shown to have a normal appendix but influenza in the secretions (Kerr et al 1975) .
Deaths, too, can be investigated by immunofluorescence. Fig 12 shows Many perhaps are still doubtful about the prospects of antiviral therapy. Some of these agents are in use, such as idoxuridine, cytosine arabinoside, methylisatin ,-thiosemicarbazone, but these are rarely applicable to respiratory tract infections. With vigorous chemotherapy many leukaemic children now have an increased expectation of life, but they still die of virus infection because of their extreme immunosuppression; they succumb to measles, RS virus, chicken-pox, rhinoviruses and many other common agents which most children would shrug off. It is believed that something can be done. Interferon, a natural antiviral substance, can be produced in vitro and has been used in some small clinical trials in Sweden and in other parts of the world (Ahstr6m et al. 1974). The prospects look good, but at a priceat least £100 per week per child for continuing therapy over perhaps three or more years.
With rapid diagnostic procedures, as outlined, rational treatment of early virus infections with interferon may also become a reality, but this is for the future.
It is hoped that rapid diagnosis will prevent pediatricians from continually working in the dark as far as acute respiratory diseases are concerned. It will let them know the cause at the time of the illness, not just satisfy their curiosity long after the patient's recovery or death.
Dr T H Flewett (Regional Virus Laboratory, East Birmingham Hospital, Birmingham, i9 SST)
Diagnosis of Enteritis Virus
For a hardy virus, equipped by nature to survive immersion in gastric acid on its way to a fertile field, the small bowel offers splendid pasture. A long tube, lined with epithelium, the available surface area enormously increased by infolding into villi, constantly renewed as cells migrate up the villi to be exfoliated into the lumen, nutrient media circulating in the walls, with a built-in mechanism for moving the contents from one end to the otherwhat more could any virus want? It is, therefore, not surprising that when viruses capable of rapid replication do gain entry to this environment, they multiply to yield enormous numbers. This, though damaging to the host, is fortunate for the virologist because the concentration of viruses in the feeces is sufficient to allow their detection by the fairly insensitive methods of direct electron microscopy.
The methods are simple. A suspension of feces, about 20 % v/v in saline, is centrifuged at a modest speed to remove the bacteria; the resultant supernatant liquid is then centrifuged at a high speed -50 000 rev/min for an hour will deposit the smallest virusesand the pellet is resuspended in a few drops of distilled water and mounted for electron microscopy, using negative staining to delineate the virus particles (Flewett, Bryden & Davies 1974 ). This method is useful when viruses
